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Description 

This invention relates to a plasma etching appara- 
tus for performing etching process on semiconductor 
wafer in high temperature plasma and, more particular- 
ly, it relates to a cooling mechanism for protecting sem- 
iconductor wafer from being damaged by heat during 
etching process. 

In dry etching process such as plasma etching, 
semiconductor wafer tend to be damaged as they are 
overheated by radiant heat of plasma. In a magnetron 
plasma etching apparatus, for instance, the accuracy of 
etching can become significantly low as the photo-resist 
on wafer is damaged by heat. Particularly when wafers 
are anisotropicalty etched, the side walls of the etching 
portion that are etched can lose steepness to come to 
show a gentle slope and adversely affect the anisotropy 
produced by etching. 

When the damage by heat is remarkable, the mask 
being used for etching can be totally lost before the in- 
tended etching process is over. A solution to avoid this 
problem may be the use of a thick resist layer. However, 
a thick resist layer cause to decrease the accuracy of 
printing the mask pattern to the wafer. 

Photoresist can sometimes be carbonised by radi- 
ant heat of high temperature plasma in etching process. 
When such is the case, the carbonised pohotoresist is 
hardly to remove from the wafer. In view of this problem, 
the temperature of wafers in plasma should be kept as 
low as possible. 

In conventional plasma etching apparatus, each 
susceptor is cooled by a lower cooling jacket in order to 
indirectly cool wafers and avoid damages to wafers by 
radiant heat. 

An apparatus having the features of the preamble 
of claim 1 is known from EP-A-0 339 580. 

Currently, wafers are cooled a range of from -60 to 
-100°C, further more the cooling temperature will be 
lowered to below -150°C with the technological devel- 
opment at hand. The most ideal coolant to be used for 
cooling wafers to this low temperature will be liquid ni- 
trogen in view of heat transfer loss at various sections 
and members of the cooling system. 

The optimum temperature for cooling wafers is de- 
pendent on the conditions where the etching process is 
conducted. In conventional, overcooled wafers are 
heated by temperature control device, so that the wafer 
is controlled to obtain various predetermined cooling 
temperature. 

However, since the cooling capacity of a cooling 
jacket using liquid nitrogen is normally made very large, 
the temperature of wafers cannot necessarily be prop- 
erly controlled to quickly come to an intended level par- 
ticularly when the temperature control device has a 
small heating capacity. A temperature control device 
comprising a large capacity heater, on the other hand, 
increases high electric energy consumption and running 
cost. 
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In view of the above problems, it is therefore the 
object of the present invention to provide a plasma etch- 
ing apparatus that can accurately control the tempera- 
lure of wafers to any intended level when they are quick- 

5 |y cooled to a low or very low temperature range without 
consuming a large amount of electric energy. 

According to an aspect of the invention, a plasma 
etching apparatus comprises a susceptor for holding an 
object to be etched, a cooling section having a coolant 

10 of a large cooling capacity and capable of quickly cool- 
ing said susceptor to an intended low temperature, a 
process chamber enclosing the susceptor and the cool- 
ing section, means for exhausting a gas in the process 
chamber, intermediate member interposed between the 

J5 susceptor and the cooling section, gas supply means 
for supplying a heat transfer gas at least one of the in- 
terface region between the intermediate member and 
the susceptor, the interface region between the inter- 
posed member and the cooling section, and the inter- 

20 face region between each other components of the sus- 
ceptor, and pressure control means for controlling the 
pressure of the heat transfer gas supplied by said gas 
supplying means. 

The heat conductivity of the interface region be- 

25 tween any two members is highly dependent on the con- 
tact condition, or the coarseness or smoothness of the 
surfaces of the members that contact with each other. 
Since the inside of the process chamber of a plasma 
etching apparatus is kept to low pressure, the heat con- 

30 ductivity between any two members there will be greatly 
reduced (to raise the thermal conductance R) if only a 
slight gap is existent between them because they are 
thermally insulated from each other by vacuum. 

When the pressure of the heat transfer gas supplied 

35 to any of the interface regions, which is normally heat 
transfer gas, is lowered, the thermal resistance R there 
will be raised. If, conversely, the gas pressure is raised, 
the thermal resistance R is lowered. 

This invention can be more fully understood from 

40 the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

Fig. 1 is a block diagram of a first embodiment of 
the invention, showing the principal area in vertical 

45 cross section; 

Fig. 2 is an enlarged partial sectional view an inter- 
face region between a susceptor and an adjacent 
component, showing a minute gap between them 
and a gas supply path; 

50 Fig. 3 is a block diagram showing the configuration 
of the automatic pressure control (APC); 
Fig. 4 is a diagram illustrating the concept of thermal 
resistance by juxtaposing a partial sectional view of 
a wafer and the susceptor and a circuit diagram of 

55 the resistors; 

Fig. 5 is a schematic partial sectional view of a wafer 

anisotropically etched at -156°C; 

Fig. 6 is a schematic partial sectional view of a wafer 
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anisotropically etched at -46°C; 
Fig. 7 is a schematic partial sectional view of a water 
anisotropically etched at -9°C; 
Fig. 8 is a block diagram of a second embodiment 
of the invention, showing the principal area in ver- 
tical cross section; and 

Fig. 9 is a block diagram of a third embodiment ol 
the invention showing the principal area in vertical 
cross section. 

Now 5 the present invention will be described in 
greater detail by referring to the accompanying draw- 
ings that illustrate preferred embodiments of the inven- 
tion. 

Referring firstly to Fig. 1 that illustrates a first em- 
bodiment of the invention, the wafer loading and unload- 
ing ports (not shown) of the magnetron plasma etching 
apparatus 10 communicate with respective load lock 
chambers (not shown) via respective pathways (not 
shown). Each of the pathways is provided with a gate 
mechanism (not shown) that opens or closes the path- 
way. Each of the load lock chamber (not shown) is pro- 
vided in the inside with a wafer handler so that silicon 
wafer W is picked up by said handler one by one at a 
time and carried into or out of the process chamber 10a 
of the apparatus 10. 

As shown is in Fig. 1 , the process chamber 1 0a con- 
tains a RIE-type etching apparatus. The process cham- 
ber 1 0a is formed by assembling an upper frame 30 and 
a lower frame 32. The housing constituted by the upper 
and lower frames 30, 32 is grounded. 

A pathway 33 passes through an upper area of a 
side wall of the upper frame 30 and process gas is fed 
into the chamber 10a from a process gas source (not 
shown) by way of this pathway 33. Another pathway 34 
runs through a lower area of another side wall of the 
upper frame 30 and gas in the chamber 10a is dis- 
charged through this pathway 34 by a suction pump (not 
shown). 

A magnetic field generator 11 is arranged right 
above the process chamber 10a so that a horizontal 
magnetic field may be applied to the wafer W within the 
chamber 10a by the magnetic field generator 11. 

As shown is in Fig. 1 ; a heater 15 is inserted be- 
tween the upper susceptor 1 2 and the tower susceptor 
14 apparatus 10 to finely control the temperature of the 
silicon wafer W. 

The upper and lower susceptors 12, 14 are electri- 
cally insulated from the surrounding components by an 
insulation frame 16. The lower surface of the lower sus- 
ceptor 14 is contacted with the upper surface of the in- 
sulation frame 16. The insulation frame 16 is placed di- 
rectly on a cooling jacket 20 in such a manner that the 
lower surface of the insulation frame 1 6 is contacted with 
the upper of the cooling jacket 20. 

The silicon wafer W is loaded on the top of the upper 
susceptor 12 and rigidly held there. An electrostatic 
chuck device that utilizes Coulomb's force may be used 



to firmly hold the silicon wafer W onto the upper suscep- 
tor 12. The upper susceptor 12 is removably held to the 
lower suspector 14 by using some bolts 13. The reason 
why the susceptor unit is constituted by a pair of sepa- 

s rabte susceptors 12, 14 is that, with such an arrange- 
ment, the lower susceptor 14 which is connected to a 
RF power source 77 remains free from maintenance 
and only the upper susceptor 12 may need replacement 
from time to time when it is contaminated. 

10 A ceramic heater 1 5 is embedded between the up- 
per and lower susceptors 12, 14. The heater 15 is con- 
nected to a temperature controller 81 by way of an elec- 
tric current regulator (SSR) 82. The interface region of 
the heater 15 and the upper susceptor 12 is surrounded 

is by an O-ring holding groove 51 . 

The side wall of the upper susceptor 1 2 and the side 
wall and the bottom of the lower susceptor 14 are com- 
pletely covered by the insulation frame 16 so that on the 
only top surface of the upper susceptor 12 is exposed 

20 to the process atmosphere. An O-ring 40 is inserted be- 
tween the upper susceptor 12 and the insulation frame 
16 in such a manner that a first gap 42 is provided be- 
tween them. The surfaces of the peripheral walls of the 
upper and lower susceptors 12, 14 as well as the inner 

25 surface of the peripheral wall of the insulation frame 1 6 
are mirror polished. The first gap 42 is nearly devoid of 
gas. 

The cooling jacket 20 is arranged right below the 
insulation frame 16 and contains liquid nitrogen in its 

30 container section 21. A liquid nitrogen source 79 that 
operates as a heat exchanger is arranged in communi- 
cation with the cooling jacket 20 via a pipe 78, which 
communicates at the bottom portion of the cooling jack- 
ets 20. The output section of the main controller 90 is 

3S connected to the flow rate control valve (not shown) of 
the liquid nitrogen source 79 so that valve setting signals 
are supplied from the main controller 90 to the flow rate 
control valve. 

The inner wall of the bottom of the cooling jacket 20 

40 is made porous so that nucleate boiling may take place 
at the bottom to keep to -196°C the temperature of the 
liquid nitrogen in the cooling jacket 20. A vacuum insu- 
lated pipe (not shown; trademark "Violet") is connected 
to the cooling jacket 20 to feed the container section 21 

45 with liquid nitrogen. The vacuum insulated pipe is made 
of metal and grounded. The upper frame 30 is also 
grounded and a pair of electrodes having opposite po- 
larities are formed between the susceptors 12, 14 and 
the upper frame 30 when power is supplied from the RF 

50 power source 77 to the functional susceptor (lower sus- 
ceptor) 14. 

A plurality of insulator members 22 are inserted be- 
tween the cooling jacket 20 and the bottom 32b of the 
lower frame 32 to produce a second gap 23 between 
55 them. On the other hand, an inner cylinder 32a extends 
upward from the bottom 32b of the lower frame 32 to 
enclose the cooling jacket 20 and the insulation frame 
16 and protect them against exposure to the process 
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atmosphere. 

An O-ring 44 is inserted between the insulation 
frame 16 and the inner cylinder 32a to produce a third 
gap 24. The outer surface of the peripheral wall of the 
insulation frame 16 and the inner surface of the inner 
cylinder 32a are mirror polished. The O-rings 40, 44 are 
made of a fluororesin material such as teflon. 

The plurality of insulator members 22 for supporting 
the cooling jacket 20 are mutually spaced apart. There- 
fore, the second gap 23 and the third gap 24 are com- 
municated with each other. The third gap 24 is prefera- 
bly made as narrow as possible so far as the insulation 
frame 1 6 and the cooling jacket 20 do not touch the inner 
cylinder 32a. 

A gas discharge pathway 36 runs through the bot- 
tom 32 of the lower frame 32 so that the second and 
third gaps 23, 24 can be evacuated by means of this gas 
discharge pathway 36. 

An O-ring 52 is inserted between the upper and low- 
er susceptors 12, 14. The O-ring 52 is held in a groove 
51 formed on the upper surface of the lower susceptor 
14 and surrounds the heater 15. Another O-ring 54 is 
inserted between the lower susceptor 1 4 and the insu- 
lation frame 16. Said O-ring 54 is held in a groove 53 
formed on the lower surface of the lower susceptor 14. 
Still another O-ring 56 is inserted between the insulation 
frame 16 and the cooling jacket 20. Said O-ring 56 is 
held in a groove 55 arranged on the lower surface of the 
insulation frame 16. The O-rings 52, 54, 56 are made of 
a fluororesin material such as teflon. 

The etching gas in the process chamber 10a is dis- 
charged by way of the discharge pathway 34 until the 
gas pressure in the chamber 10a becomes as low as 
somewhere between 10* 2 and 10* 3 Torr. Then, gas plas- 
ma is produced from the etching gas between the elec- 
trodes having opposite polarities as described earlier. In 
the magnetron plasma etching apparatus, electrons 
show a cycloidal movement to increase the number of 
times at which they hit molecules to give rise to ioniza- 
tion because of the interaction between the magnetic 
field and the electric field of the plasma sheath that or- 
thogonal intersects the magnetic field. Thus, it can pro- 
duce a high speed etching under such low pressure as 
mentioned above. 

Now, the mechanism for controlling the temperature 
at the interface regions among the components W, 12, 
14, 16 and 20 will be described below. 

The heat conductivity between two members with 
each other is highly dependent on the condition of the 
contact surfaces, or the coarseness or smoothness of 
each surface of the members that contact with each oth- 
er. Since the inside of the process chamber of a plasma 
etching apparatus is kept to low pressure, the heat con- 
ductivity between any two members there will be greatly 
reduced only a slight gap is existent between them be- 
cause they are thermally insulated from each other by 
vacuum. 

As shown in Fig. 2, there is a microscopic gap 59 



along the interlace of the upper and lower susceptors 
12, 14. Even with such a minute gap 59, the two mem- 
bers 12, 14 are thermally, though partly, the interface 
region is occurred an evacuated insulation by vacuum 
5 and the overall thermal resistance R between them will 
be significantly reduced. 

In this embodiment, in order to offset the reduced 
thermal resistance R, gas is introduced into the minute 
gap 59 from an automatic pressure controller 70 by way 
io of a branch pathway 62 and the O-ring holding groove 
51, the branch pathway 62 communicating at the inner 
side of the groove 51. While the heat transfer gas used 
there is helium gas, any gas may be used in place of 
helium so long as it is a good thermal conductivity and 
is does not chemically attack the components of the ap- 
paratus. Candidate gases include argon gas, xenon 
gas, nitrogen gas and carbon dioxide gas. The pressure 
of supplied helium gas is controlled by automatic pres- 
sure controllers 70 so that the reading of the pressure 
20 gage is always found between 0 to 760 Torr. 

In a series of experiments to look into the relation- 
ship between the gas pressure and the thermal resist- 
ance, it was found that the thermal resistance changes 
linearly with the gas pressure between 0 and 300 Torr. 
25 Helium gas is also supplied to the dther O-ring hold- 
ing grooves 53 and 55 from the corresponding APCs 70 
by way of respective branch pathways 64 and 66. 

Besides, helium gas is also supplied from the cor- 
responding APC 70 to the gap between the wafer W and 
30 the upper surface (wafer chuck top) of the upper sus- 
ceptor 1 2 by way of branch gas pathway 60. 

The upper and lower surfaces of the metal compo- 
nents 12, 14 and 20 are finished to a smoothness of 0.01 
mm and an average coarseness of less than 3.2 pm. 
35 The upper and lower surfaces of the insulating members 
1 6 and 22 are also finished to a smoothness of 0.01 mm 
and an average coarseness of less than 3.2 urn. 

The upper and lower susceptors 12 s 14 and the 
cooling jacket 20 as well as the lower frame 32 are made 
40 of aluminum alloy. The insulating members 16 and 22 
are made of an alumina system ceramic containing 
A€ 2 0 3 and/or A€N or a Si system ceramic containing 
Si 3 N 4 and/or SiC. 

A temperature sensor 83 is buried in the upper sus- 
45 ceptor 12 and signals representing the temperature 
sensed by the sensor 83 are given to a temperature con- 
troller 81. The output terminal of the temperature con- 
troller 81 is connected to the electric current regulator 
(SSR) 82. The SSR 82 is connected to the heater 15 to 
50 control the supply of electricity to the heater 1 5. The out- 
put terminal of the temperature controller 81 is connect- 
ed to the input terminal of the main controller 80. The 
temperature controller 81 operates as a subsidiary con- 
troller that assists the main controller 80. 
55 The APC 70 will be described in detail by referring 
to Fig. 3. 

The inlet 72 of each of the APCs 70 communicates 
with a gas supply source 71 and the power switch of this 
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gas supply source 71 is connected to the output section 
of the main controller 80. A mass flow meter 73 is ar- 
ranged at the inlet 72 to measure the flow rate of gas 
coming from the gas supply source 71. The outlet of 
each of the APOs 70 is branched into main pathways s 
60, 61 and a subsidiary pathway 76. Each of the main 
outlet pathways 60, 61 communicates with the upper 
surface of the upper susceptor 1 2 (wafer chuck top) and 
the O-ring holding grooves 51, 52 : 55. 

The subsidiary outlet pathway 76 is, on the other to 
hand, provided with a control valve 75 and a pressure 
sensor 74 is arranged between the mass flow mater 73 
and the control valve 75 to actuate the control valve 75 
depending on the pressure detected by the sensor 74. 
Therefore, the incoming gas with a flow rate Q may part- ts 
ly flow out from the apparatus with a flow rate Q1 by way 
of the subsidiary outlet pathway 76 to keep the gas flow 
rate Q2 through the main pathways 60, 61 to an appro- 
priate level. 

A wafer is cooled to a given process temperature 20 
and etched in the embodiment in a manner as described 
below. 

In a RIE-type plasma etching apparatus as this em- 
bodiment, the upper and lower frames 30 : 32 are 
grounded and RF power is supplied to the upper and 
lower susceptors 12, 14 to produce electrically opposite 
polarities there. A horizontal magnetic field is generated 
around the wafer W in parallel with the latter by rotating 
the permanent magnet of the apparatus 11 located 
above the chamber 10a. After evacuating the chamber 
10a, process gas is introduced into it to generate plas- 
ma. Since a horizontal magnetic field is produced 
around the wafer W, flying ions are directed perpendic- 
ular to the surface of the wafer W to carry out a highly 
anisotropic etching process. 

Before and during the etching process, the suscep- 
tors and the surrounding area are cooled by the cooling 
jacket 20 and the temperature of the wafer W is control- 
led to keep a preset process temperature level. The liq- 
uid nitrogen 21 (-196°C) in the cooling jacket 20 will 
show an excessive cooling effect with regard to the pre- 
set process temperature (-156°C). In order to offset this 
excessive cooling effect affecting the jacket 20 and the 
wafer W, the upper and lower susceptors 12, 14 are 
heated by the heater 15. The excessive cooling effect 
to the jacket 20 and the wafer W may be also mollified 
by appropriately regulating the pressure of helium gas 
supplied to the grooves 51 , 53 5 55 and the wafer chuck 
top to increase the thermal resistance at the respective 
interface regions. 

The thermal resistance around the susceptors of 
the embodiment is controlled in a manner as described 
below by referring to Fig. 4. 

During etching process, the wafer W receives radi- 
ant heat energy E1 from plasma, which have energy E1 
is made to flow into the cooling jacket 20 by way of the 
members 12, 14 and 16. As the lower surface of the 
cooling jacket 20 is thermally insulated from the member 



32 by vacuum, thermal energy does not practically run 
from the cooling jacket 20 toward the member 32. This 
is because the lower surface of the cooling jacket 20 
shows a very large thermal resistance as it contacts only 
partly with a few number of insulating members 22. Con- 
sequently, thermal energy E3 will run into the liquid ni- 
trogen 32 in the cooling jacket 20 to cool down the wafer 
W. 

Since the amount of outgoing energy E3 is greater 
than the amount of incoming energy El, the member 12 
will be heated by the heater 15 to show a net input en- 
ergy input E2. 

When the heat supplied to the wafer W by the heater 
is not sufficient for the wafer W to be heated, the amount 
of outgoing energy E3 may be reduced by increasing 
thermal resistance R1 through R4 of the system. The 
net input energy E2 and the outgoing energy E3 are con- 
trolled on the basis of the temperature detected by the 
sensor 83 so that the wafer W may be kept to a preset 
process temperature. 

The thermal resistances R1 through R4 become 
high when the pressure of helium gas supplied to the 
interfaces. Conversely, the thermal resistances R1 
through R4 can be lowered by increasing the pressure 
of helium gas fed to the interface regions. 

The condition of mutual contact of the upper and 
lower susceptors 12, 14 can be modified by adjusting 
the fastening force of the bolts 1 3. The thermal resist- 
ance R2 there will be increased as the bolts 1 3 are tight- 
ened, whereas it will be decreased as the bolts 1 3 are 
loosened. 

The effect of anisotropic etching on the wafer W can 
vary depending on the temperature involved. This will 
be explained below by referring to Figs. 5 through 7. In 
the following description, the RF power is 900 W and 
the CHF 3 gas flow rate is 50 SCCM, while the internal 
pressure of the chamber is 40 m Torr. 

Fig. 5 is a schematic partial sectional view of a wafer 
W etched at a process temperature of -156°C. 

Fig. 6 is a schematic partial sectional view of a wafer 
W etched at a process temperature of -46° C. 

Fig. 7 is a schematic partial sectional view of a wafer 
W etched at a process temperature of -9°C. 

As seen from these pictures, the side walls 2, 3, 4 
of the anisotropically etched wafer come closer to ver- 
tically as the temperature of the wafer W being etched 
goes down. Differently stated, the anisotropic effect of 
etching is intensified as the temperature of the wafer W 
is lowered. Semiconductor devices which are integrated 
to as high as 16M, 32M and 64M can be produced only 
by such highly anisotropic etching process. 

In the above embodiment, the heat energy supply 
to the heater 1 5 is minimized to reduced the overall pow- 
er consumption even when the process temperature for 
the wafer W is set to -156°C. 

Since not only the pressure of heat transfer gas fed 
to the interface region of the wafer W and the upper sus- 
ceptor 1 2 but also the pressure of heat transfer gas sup- 
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plied to each of the other interface regions are controlled 
in this embodiment, the temperature of the wafer W can 
be finely controlled within a wide range between -9°C 
and -156°C. 

White liquid nitrogen was used as the cooling me- s 
dium in the cooling jacket 20 in the above embodiment, 
it may be replaced by a different coolant such as liquid 
helium. 

While helium gas is fed to the O-ring holding 
grooves in the above embodiment, routes of supplying 10 
helium gas are not necessarily restricted to them and 
the embodiment may be alternatively provided with spe- 
cifically designed grooves into which helium gas is sup- 
plied. 

Now, a second embodiment of the invention will be 15 
described by referring to Fig. 8. Explanations of the parts 
of this embodiment that are similar to those of the first 
embodiment will be omitted. 

In the etching apparatus 100 of this embodiment, 
signals representing the temperature detected by the 20 
temperature sensor 83 are directly sent to the main con- 
troller 90. No temperature control heater is provided 
there and the apparatus comprises only mechanisms for 
controlling the thermal resistances R1 through R4 of the 
interfaces. 25 

The excessive cooling effect of liquid nitrogen on 
the wafer W can be satisfactorily neutralized only by 
such thermal resistance controlling mechanism. The ap- 
paratus 1 00 satisfactorily operates particularly when the 
preset process temperature for the wafer W is as low as 30 
-156°, which is close to the liquefying temperature (- 
196°C) of nitrogen. 

A third embodiment of the invention will be de- 
scribed below by referring to Fig. 9. Explanations of the 
parts of this embodiment that are common with those of 35 
the first and second embodiments will be omitted. 

No temperature control heater is provided in the 
etching apparatus 200 of this third embodiment and gas 
is introduced only to the O-ring holding groove 51 be- 
tween the upper and lower susceptors 12, 1 4 by way of 40 
the path -way 61. 

On the other hand, pathways 14a, 16a are formed 
through respectively with the susceptor 14 and the 
member 16 so that gas may be supplied to the inner 
regions of the O-rings 52, 54, 56. Signals representing 45 
the temperature detected by the temperature sensor 83 
are directly sent to the main controller 90. 

Thus, the apparatus has a relatively simple config- 
uration and allows easy servicing process as it compris- 
es only a small number of thermal resistance control so 
mechanisms. 

The condition of mutual contact of the upper and 
lower susceptors 12, 14 can be modified by regulating 
the fastening force of the bolts 1 3 to appropriately con- 
trol the thermal resistance R2. 55 

As is apparent from the above description, an ap- 
paratus according to the invention provides a wide 
range of preset process temperature by using highly ef- 



ficient cooling means. At the same time, different ther- 
mal resistance around the susceptors of the apparatus 
can be appropriately regulated by using heat transfer 
gas supplying mechanisms. With such arrangements, 
the wafer W being etched can be cooled to a very low 
temperature range to realize a high anisotropy for the 
wafer and consequently a highly integrated semicon- 
ductive device. 

Moreover, the power supply to the temperature reg- 
ulating heater can be minimized to reduce the overall 
energy consumption and hence the running cost of the 
apparatus even when a very low temperature is set for 
etching. 



Claims 

1. A plasma etching apparatus comprising: 

a susceptor (12, 14) for holding an object (W) 
to be etched; 

a cooling section (20) having a coolant (21 ) of 
a large cooling capacity and capable of quickly 
cooling said susceptor (12, 14) to an intended 
low temperature; 

a process chamber ( 1 0a) enclosing the suscep- 
tor (12, 14) and the cooling section (20); 
exhausting means (34, 36) for exhausting a gas 
in the process chamber (10a); and gas supply 
means (70, 71, 80); 

characterized in that said apparatus further 
comprises: 

an intermediate member (16) interposed be- 
tween the susceptor (12, 14) and the cooling 
section (20); 

said gas supply means (70, 71, 80) supplying 
a heat transfer gas to at least one of the inter- 
face region (59) between the intermediate 
member ( 1 6) and the susceptor (12,1 4), the in- 
terface region (59) between the intermediate 
member (16) and the cooling section (20), and 
the interface region (59) between each other 
components of the susceptor (12, 14); and 
pressure control means for controlling the pres- 
sure of the heat transfer gas supplied by said 
gas supplying means. 

2. A plasma etching apparatus according to claim 1 , 
further comprising heating means (15) embedded 
in the susceptor (1 2, 1 4), tor heating said susceptor 
(12, 14). 

3. A plasma etching apparatus according to claim 2, 
further comprising temperature detecting means 
(83) for detecting the temperature of said susceptor 
(12), thereby controlling to heat the susceptor (12) 
by said heating means (15) according to the detect- 
ed temperature. 
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A plasma etching apparatus according to claim 1 , 
further comprising temperature detecting means 
(83) for detecting the temperature of said susceptor 
(12), thereby controlling pressure of the heat trans- 
fer gas by said pressure control means (70) accord- 5 
ing to the detected temperature. 



bers (12, 14, 16, 20) by way of an O-ring holding 
groove (51 , 53, 55). 

14. A plasma etching apparatus according to claim 1, 
characterized in that said heat transfer gas is inert 

gas. 



5. A plasma etching apparatus according to claim 1 , 
further comprising means (70) for supplying gas to 
the interface region (59) between the object (W) and io 
the susceptor (12, 14), thereby controlling pressure 

of the heat transfer gas by said pressure control 
means (70). 

6. A plasma etching apparatus according to claim 1 , '5 
characterized in that said intermediate member (16) 

is made of material for electrically insulating said 
susceptor (12 : 14) from said cooling section (20). 

7. A plasma etching apparatus according to claim 1 , 20 
characterized in that the pressure of the heat trans- 
fer gas supplied to the interface region (59) between 
the intermediate member (16) and the susceptor 
(12, 14) is controlled by said pressure control 
means (70). 25 

8. A plasma etching apparatus according to claim 1 , 
characterized in that the pressure of the heat trans- 
fer gas supplied to the interface region (59) between 
the intermediate member (16) and the cooling sec- 30 
tion (20) is controlled by said pressure control 
means (70). 



Patentanspruche 

1. Plasmaatzvorrichtung, umfassend: 

einen Aufnehmer (12, 14) zum Halten eines 
Objekts (W), welches geatzt werden soil; 

einen Kuhlabschnitt (20), der ein KGhlmittel 
(21) mit einer groBen Kuhlkapazitat aufweist 
und den Aufnehmer (12, 14) auf eine ge- 
wunschte niedrige Temperatur schnell kuhlen 
kann; 

eine ProzeBkammer (10a), die den Aufnehmer 
(1 2, 1 4) und den Kuhlabschnitt (20) umschlieBt; 

eine Auspumpeinrichtung (34, 36) zum Aus- 
pumpen eines Gases in der ProzeBkammer 
(10a); und 

eine Gaszufuhrungseinrichtung (70, 71, 80); 

dadurch gekennzeichnet, daB die Vorrichtung 
ferner umfaBt: 



9. A plasma etching apparatus according to claim 1 , 
characterized in that the pressure of the heat trans- 35 
fer gas supplied to the interface region (59) between 
each other components of the susceptor (1 2, 1 4) is 
controlled by said pressure control means (70). 

10. A plasma etching apparatus according to claim 2, 40 
characterized in that the pressure of the heat trans- 
fer gas supplied to the interface region (59) between 
said heating means (15) and the susceptor (12) is 
controlled by said pressure control means (70). 

11. A plasma etching apparatus according to claim 1, 
further comprising means (13) for adjusting the 
state of contact of each other components of the 
susceptor (12, 14) in the interface region (59). 

12. A plasma etching apparatus according to claim 1 , 
characterized in that said gas supply region (59) is 
isolated and sealed against the atmosphere in the 
process chamber (10a). 

13. A plasma etching apparatus according to claim 1, 
characterized in that the heat transfer gas is sup- 
plied to the interface region (59) of the related mem- 



ein Zwischenelement (16), welches sich zwi- 
schen dem Aufnehmer (12, 14) und dem Kuhl- 
abschnitt (20) befindet; 

wobei die Gaszufuhrungseinrichtung (70, 71, 
80) ein Warmetransfergas an den Obergangs- 
bereich (59) zwischen dem Zwischenelement 
( 1 6) und dem Aufnehmer (12, 14) und/oder den 
Ubergangsbereich (59) zwischen dem Zwi- 
schenelement (16) und dem Kuhlabschnitt (20) 
und/oder den Ubergangsbereich (59) zwischen 
jeden anderen Komponenten des Aufnehmers 
(12, 14) liefert: und 

eine Drucksteuereinrichtung zum Steuern des 
Drucks des Warmetransfergases, welches 
durch die Gaszufuhrungseinrichtung zugefuhrt 
wird. 

2. Plasmaatzvorrichtung nach Anspruch 1 , ferner um- 
fassend eine Erwarmungse indent ung (15), die in 
dem Aufnehmer (12, 14) eingebettet ist, zum Erwar- 
men des Aufnehmers (12, 14). 

3. Plasmaatzvorrichtung nach Anspruch 2, ferner um- 
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fassend eine Temperaturerfassungseinrichtung 
(83) zum Erfassen der Temperaturdes Aufnehmers 
(12), umdadurch eine Erwarmungdes Aufnehmers 
(12) durch die Erwarmungseinrichlung (15) gemaB 
der erfaBten Temperatur zu steuern. 5 

4. Plasmaatzvorrichtung nach Anspruch 1 , ferner urn- 
fassend eine Temperatureriassungseinrichtung 
(83) zum Erfassen der Temperatur des Aufnehmers 
(12), um dadurch einen Druck des Warmelransfer- 10 
gases durch die Drucksteuereinrichtung (70) ge- 
maB der erfaBten Temperatur zu steuern. 

5. Plasmaatzvorrichtung nach Anspruch 1 , ferner um- 
fassend eine Einrichtung (70) zum Zufuhren von is 
Gas an den Ubergangsbereich (59) zwischen dem 
Objekt (W) und dem Aufnehmer (12, 14), um da- 
durch einen Druck des Warmetransfergases durch 

die Drucksteuereinrichtung (70) zu steuern. 

20 

6. Plasmaatzvorrichtung nach Anspruch 1, dadurch 
gekennzeichnet, daB das Zwischenelement (16) 
aus einem Material zum elektrischen Isolieren des 
Aufnehmers (12, 14) von dem KOhlabschnitt (20) 
hergestellt ist. . 25 

7. Plasmaatzvorrichtung nach Anspruch 1, dadurch 
gekennzeichnet, daf3 der Druck des Warmetrans- 
fergases, das an den Obergangsbereich (59) zwi- 
schen dem Zwischenelement ( 1 6) und dem Aufneh- 30 
mer (12, 14) geliefert wird, durch die Drucksteuer- 
einrichtung (70) gesteuert wird. 

8. Plasmaatzvorrichtung nach Anspruch 1 , dadurch 
gekennzeichnet, daB der Druck des Warmetrans- 3S 
fergases, das an den Ubergangsbereich (59) zwi- 
schen dem Zwischenelement (16) und dem KOhl- 
abschnitt (20) geliefert wird, durch die Drucksteuer- 
einrichtung (70) gesteuert wird. 

40 

9. Plasmaatzvorrichtung nach Anspruch 1 , dadurch 
gekennzeichnet, daB der Druck des Warmetrans- 
fergases, das an den Ubergangsbereich (59) zwi- 
schen jeden anderen Komponenten des Aufneh- 
mers (12, 14) geliefert wird, durch die Drucksteuer- 4 & 
einrichtung (70) gesteuert wird. 

10. Plasmaatzvorrichtung nach Anspruch 2, dadurch 
gekennzeichnet, daB der Druck des Warmetrans- 
fergases, das an den Ubergangsbereich (59) zwi- so 
schen der Erwarmungseinrichtung (15) und dem 
Aufnehmer (12) zugefuhrt wird, durch die Druckst- 
euereinrichtung (70) gesteuert wird. 

1 1 . Plasmaatzvorrichtung nach Anspruch 1 , ferner um- 55 
fassend eine Einrichtung (13) zum Einstellen des 
Kontaktzustands von jeden anderen Komponenten 
des Aufnehmers (1 2, 1 4) in dem Ubergangsbereich 



(59). 

12. Plasmaatzvorrichtung nach Anspruch 1, dadurch 
gekennzeichnet, daB der Gaszufuhrungsbereich 
(59) gegenuber der Atmosphare in der ProzeBkam- 
mer (10a) isoliert und abgeschlossen ist. 

13. Plasmaatzvorrichtung nach Anspruch 1, dadurch 
gekennzeichnet daB das Warmetransfergas an 
den Ubergangsbereich (59) der betreffenden Ele- 
mente (12, 14, 16, 20) uber eine einen O-Ring hal- 
tende Ausnehmung (51, 53, 55) zugefuhrt wird. 

14. Plasmaatzvorrichtung nach Anspruch 1, dadurch 
gekennzeichnet: daB das Warmetransfergas ein 
Edelgas ist. 



Revindications 

1. Appareil de gravure plasma comprenant : 

un support (12, 14) pour supporter un objet (W) 
a graver ; 

une section de ref roidissement(20) comportant 
un agent de refroidissement (21) presentant 
une capacite de refroidissement importante et 
pouvant refroidir rapidement ledit support (12, 
14) jusqu'a une basse temperature attendue ; 
une chambre de traitement (10a) qui renferme 
le support (12, 14) et la section de refroidisse- 
ment (20) ; 

un moyen d'evacuation (34, 36) pour evacuer 
un gaz dans la chambre de traitement (10a) ; et 
un moyen d'alimentation en gaz (70, 71 , 80), 
caracterise en ce que ledit appareil comprend 
en outre : 

un element intermediaire (16) interpose entre 
le support (12, 14) et la section de refroidisse- 
ment (20) ; 

ledit moyen d'alimentation en gaz (70, 71, 80) 
appliquant un gaz de transfert thermique a au 
moins une region prise parmi la region d'inter- 
face (59) entre I'6l6ment intermediaire (16) et 
le support (12, 14), la r6gion d'interface (59) en- 
tre t'element intermediaire (16) et la section de 
refroidissement (20) et la region d'interface (59) 
entre chacun des autres composants du sup- 
port (12, 14); et 

un moyen de commande de pression pour 
commander la pression du gaz de transfert 
thermique applique par ledit moyen d'alimenta- 
tion en gaz. 

2. Appareil de gravure plasma selon la revendication 
1 , comprenant en outre un moyen de chauffage (1 5) 
noye dans le support (12, 14) pour chauffer iedit 
support (12, 14). 
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3. Appareil de gravure plasma selon la revendication 
2, comprenant en outre un moyen de detection de 
temperature (83) pour detecter la temperature dudit 
support (12) pourainsi r6aliserune commande pour 
chauffer le support (12) au moyen dudit moyen de s 
chauffage (15) conformement a la temperature de- 
tectee. 

4. Appareil de gravure plasma seton la revendication 

1, comprenant en outre un moyen de detection de io 
temperature (83) pour detecter la temperature dudit 
support (12) pour ainsi commander la pression du 
gaz de transfer! thermique a I'aide dudit moyen de 
commande de pression (70) conformement a la 
temperature delectee. 15 



5. Appareil de gravure plasma selon la revendication 
1 , comprenant en outre un moyen (70) pour appli- 
quer un gaz a la region d'interface (59) entre Pobjet 
(W) et le support (12, 14) pour ainsi commander la 20 
pression du gaz de transfert thermique par ledit 
moyen de commande de pression (70). 

6. Appareil de gravure plasma selon la revendication 
1 , caracterise en.ce que ledit element intermediaire 
(16) est realise en un materiau permettant d'isoler 
electriquement ledit support (12, 14) par rapport a 
ladite section de refroidissement (20). 

7. Appareil de gravure plasma selon la revendication 
1 , caracterise en ce que la pression du gaz de trans- 
fert thermique appliqud a la region d'interface (59) 
entre Pelement intermediaire (16) et le support (12, 
14) est commandee par ledit moyen de commande 
de pression (70). 

8. Appareil de gravure plasma selon la revendication 
1 , caracterise en ce que la pression du gaz de trans- 
fert thermique appliqud a la region d'interface (59) 
entre ('element intermediaire (16) et la section de *o 
refroidissement (20) est commandee par ledit 
moyen de commande de pression (70). 

9. Appareil de gravure plasma selon la revendication 

1 , caracterise en ce que la pression du gaz de trans- 
fert thermique appltqu6 a la region d'interface (59) 
entre chacun des autres composants du support 
(12, 14) est commanded par ledit moyen de com- 
mande de pression (70). 

so 

10. Appareil de gravure plasma selon la revendication 

2, caracterise en ce que la pression du gaz de trans- 
fert thermique applique k la region d'interface (59) 
entre ledit moyen de chauffage (15) et le support 

( 1 2) est commandee par led it moyen de commande 55 
de pression (70). 



1, comprenant en outre un moyen (13) pour regler 
I'etat de contact de chacun des autres composants 
du support (12, 14) dans la region d'interface (59). 

12. Appareil de gravure plasma selon la revendication 
1 , caracterise en ce que ladite region d'alimentation 
en gaz (59) est isolee et rendue etanche vis-a-vis 
de I'atmosphere dans la chambre de traitement 
(10a). 

13. Appareil de gravure plasma selon la revendication 
1, caracterise en ce que le gaz de transfert thermi- 
que est appliquS a la region d'interface (59) des ele- 
ments afferents (12, 14, 16, 20) au moyen d'une 
gorge de reception de joint torique (51 , 53, 55). 

14. Appareil de gravure plasma selon la revendication 
1, caracterise en ce que ledit gaz de transfert ther- 
mique est un gaz inerte. 



30 



11. Appareil de gravure plasma selon la revendication 
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